
AD 

Award Number: DAMD17-98-1-8196 

TITLE: Identification of Junctionally-Transmitted Growth Inhibitors 

PRINCIPAL INVESTIGATOR: John Bertram, Ph.D. 

CONTRACTING ORGANIZATION: University of Hawaii 
Honolulu, Hawaii 96822 

REPORT DATE: August 2000 

TYPE OF REPORT: Annual 

PREPARED FOR:   U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT:    Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are those of the author(s) and 
should not be construed as an official Department of the Army position, policy or decision 
unless so designated by other documentation. 

20010509 081 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
reducing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY (Leave blank) 2. REPORT DATE 
August   2000 

3. REPORT TYPE AND DATES COVERED 
Annual   (15   Jul   99   -   14   Jul   00) 

4. TITLE AND SUBTITLE 
Identification of Junctionally-Transmitted Growth 
Inhibitors 

6. AUTHOR(S) 
John Bertram, Ph.D. 

5.  FUNDING NUMBERS 
DAMD17-98-1-8196 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
University of Hawaii 
Honolulu, Hawaii 96822 

E-MAIL: 
john@crch.hawaii.edu 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9.  SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Derrick, Maryland 21702-5012 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

This report contains colored photos 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for public release; distribution unlimited 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 

We have proposed that one function of gap junctions is to transmit growth control signals. There is abundant evidence 
that most cancers, including breast cancers, lose the capacity to junctionally communicate and we hypothesize that this in 
part is responsible for their aberrant behavior. To test this hypothesis rigorously we have genetically engineered human 
breast cancer cells to contain the gap junction gene connexin 43 under the control of the tetracycline-inducible promoter. 
In the first year of this grant application, we genetically engineered MDA-435 cells to express connexin 43 under the 
control of a tetracycline-inducible promoter. We demonstrated that on removal of doxycycline, cells rapidly express 
connexin 43, integrated into the plasma membrane and became junctionally competent. We now demonstrate that upon 
induction of this gene, several aspects of growth control of changed: 1/. the colony forming ability in suspension culture is 
reduced by approximately 80% in contrast to non-induced cells; 21. The saturation density of cells is reduced and this 
reduction is accompanied by an increased number of cells in the G2/M phase of the cell cycle. Molecular analysis of these 
growth-inhibited cells indicates an increased content of p21, an inhibitor of Chinese is required for cell cycle transit. These 
results demonstrate that important aspects of growth regulation are modified by restoration of junctional communication 
and put us in a good position to identify the signals being communicated and the molecular mechanism of action. 

14. SUBJECT TERMS 
Breast Cancer 

15. NUMBER OF PAGES 
12 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



Table of Contents 

Cover  1 

SF298  2 

Table of Contents  3 

Introduction  4 

Body  4 

Key Research Accomplishments  4 

Reportable Outcomes  5 

Conclusions  5 

Appendices  8 



Introduction: 
We propose to chemically identify the junctionally transmitted signals which we 
hypothesize to be responsible for the observed growth inhibition of breast tumor cells 
when in junctional communication with growth inhibited normal cells. 

1/. Research accomplishments. 

Technical objective 1 a. Production of genetically engineered cells containing 
connexin 43 under the control of a tetracycline-inducible promoter. This has been 
achieved as documented in Figure 1. We now possess 2 well characterized clones in 
terms of connexin 43 expression, and have cryopreserved additional clones for future 
use if needed. The properties of these clones are now being evaluated. 

Technical objective 1b. Development of in vitro protocols for the delivery of the growth 
inhibitory signal from quiescent cells to junctionally competent breast cancer cells. 

As the first stage of this analysis we are evaluating the response of the genetically 
engineered MDA-435 cells to junctional communication with themselves. As a rationale 
for these studies, we have previously demonstrated that several tumor cells enhance 
their degree of growth control when communication is re-expressed by pharmacological 
or genetic means. 

Anchorage independent growth: In the present situation utilizing breast carcinoma 
cells, we have shown that the ability to grow in semi-solid agarose, as anchorage- 
independent colonies, is strongly suppressed in cells expressing connexin 43. These 
genetically engineered cells on normally grown in doxycycline to suppress connexin 43 
expression and prevent the clonal selection of cells resistant to junctionally mediated 
growth inhibition. Cells from a single such inhibited culture were divided and either 
maintained in doxycycline two repressed connexin 43 gene expression, or were plated in 
doxycycline free medium. After 48 hr, when previous studies have shown strong of 
regulation of connexin 43 expression, and both groups of cells were trypsinized and 
plated at identical cell densities into semi-solid medium. Cultures were maintained for 
an additional 4 weeks with weekly editions of small volumes of growth medium to the 
surface of the semi solid agarose. Cultures were then stained with a vital dye to 
distinguish living from dead cells, and the number of colonies counted manually. Non- 
induced cultures produced many large colonies under these conditions, the expected 
behavior of fully malignant cells, while induced colonies produced only a few such large 
colonies, while the majority of cells form colonies only approximately 8 cells in size. 
Thus, the expression of connexin 43 dramatically inhibits by about 90% the ability of 
cells to form large colonies. No effects were observed when we treated with doxycycline 
the parental MDA cells containing only the tetracycline receptor demonstrating that 
doxycycline itself is not responsible for this change in behavior. Thus, when cells are 
suspended, the induction of connexin 43 as profound effects on their ability to form 
colonies under these conditions; conditions which do not normally allow the growth of 
non-malignant cells. 

Growth as monolayers: under conditions where we reduced the concentration of car 
serum in culture medium, we were able to show that connexin 43 induced MDA cells 
proven to marginally lower saturation densities than do non-induced cells ( Figure 2). 
We have performed flow cytometry on these cultures utilizing the DNA stain, propidium 
iodide, and have shown in 4 experiments an increase in the portion of G2/M cells in 



connexin induced cultures (Fig. 3). This was unexpected, since in most cells 
physiological cell cycle arrest occurs in the G1 phase of cell cycle. As with other assays, 
clone 16 responds most dramatically to induction. As can be seen in this figure, the 
percentage of G2/M cells increased from 9.9% to 26% on induction, with a proportional 
reduction in the number of G1 cells from 48.9 to 33.6. We are excited by these findings 
as they offer a tool to discover the molecular mechanisms of junctionally communicate 
growth arrest. We have begun preliminary molecular analyses of these induced cultures 
and using RT/PCR and have made the preliminary observation that the level of the cell 
cycle inhibitor p21 is increased in connexin 43 induced cultures. This makes be 
confirmed by Western blotting. We are extending our studies to look at other cell cycle 
regulating genes in order to obtain information on which genes change in the expression 
levels as a consequence of gap junctional communication. This information could the 
vital in aiding us identify the chemical nature of the junctionally transmitted signal (s). 

Influence of connexin 43 expression on growth of MDA cells when in junctional 
communication with growth-inhibited normal cells. Because it may be expected that 
the MDA cells themselves produced only limited amounts of the putative messenger 
involved in junctionally transmitted growth control, we are currently searching for cell 
lines which are capable of communication with these breast carcinoma cells, are 
themselves growth inhibited and can transmit this growth inhibition to the MBA cells in 
which they are in junctional communication i.e. can act as donor cells. In other 
situations utilizing murine cells we have reported strong growth inhibition in these 
situations. We require this demonstration of response to junctional signals in order to 
move on to the next stage of this investigation; the identification of the signals 
themselves. We are currently experiencing difficulties in identifying a suitable donor cell 
line. The mouse fibroblasts cell lines we have previously utilized, while also expressing 
connexin 43, appear not capable of entering into junctional communication with human 
carcinoma cells as evidenced by lack of dye transfer from microinjected MDA cells to 
surrounding murine cells and no growth inhibition is seen in these co-cultures ( Figure 
4). This may be to the lack of suitable cell surface receptors. However, communication 
and growth inhibition is seen in co-culture with rat NRK cells ( Figure 5). We prefer to 
have human/human co-cultures and have performed the same type of experiment 
utilizing immortalized human keratinocytes, the HaCat cell line, which grows to a growth 
arrested cell monolayer in defined serum-free conditions. Unfortunately, we have been 
unable to achieve growth of the MDA cells under the same conditions, while if we 
expose HaCaT cells to the medium utilized to grow MDA cells, the HaCaT cells 
terminally differentiate and are not suitable for use. We have recently obtained a line of 
immortalized human breast epithelial cells from Dr. Shay, and are currently evaluating 
their use under these experimental conditions. We propose to continue or search for 
compatible cell types, where one cell acts as donor of growth inhibitory molecules, while 
the other cell, in this case genetically engineered MBA cells, act as recipient. When this 
model system is in place i.e. we have cells which generate the signals and cells which 
respond in a predictable manner,, we will be in a much better situation to conduct 
experiments to identify these junctionally transmitted signals. 

Technical objective 1c. Detection of the junctionally transfer signal in breast cancer 
cells by measurement of cell cycle related parameters. As detailed above, under growth 
in monolayers, we have begun the analysis of cell cycle changes induced by connexin 
expression. Once we have successfully identified donor cells capable of junctional 
communicating with these MDA cells, we will be in the position to: 1/. Determine the 
phase of the cell cycle inhibited by communication with normal cells and, 21. Fractionate 



these donor cells for the putative signal and, 3/. Have an assay system to measure the 
effects of the signals. Research in year three of the application will focus on these final 
objectives. 

21. Key research accomplishments; 
Creation of tetracycline inducible MDA cell lines which reversibly express connexin 43. 

Demonstration that these cells have dramatically reduced anchorage independent 
growth of on induction of connexin 43. 

Demonstration that in monolayer cultures the G2/M phase of the cell cycle is extended in 
connexin 43 expressing cells. 

Reportable outcomes: 

Publications: 
1/. Abstract submitted and poster presented at the Era of Hope meeting organized by 
the DOD in Atlanta Georgia. 

21. Abstract submitted to the American Society for Cell Biology to be held in San 
Francisco in December 2000. This abstract has been accepted for oral presentation at a 
gap junction subsection at this meeting. 

Development of cell lines: we have developed an MDA 435 cell line containing the 
tetracycline promoter which will be a useful line for others who wish to create their own 
tetracycline inducible gene systems. We have also developed this line containing the 
promoter and a connexin 43 inducible gene. 

Research training: This grant provides stipends for two Ph.D. students enrolled in the 
cell and molecular biology program that the University of Hawaii. It is expected that both 
students will conduct research of sufficient quality to qualify for their Ph.D.'s within the 
next two years. 

Conclusions: our creation of a tetracycline-from connexin 43 inducible gene system in a 
human mammary carcinoma cell line offers significant advantages for the study of 
junctional communication over previously available models. Previous models utilized 
constitutively activated genes whose functions have to be inferred by comparison of 
differences between the transfected cells and parental cells. However, as we have 
recently discovered utilizing HeLa cells, there exist major clonal variations within recently 
cloned cell lines. This clonal variation encompasses changes in growth control and 
ability to form tumors. Thus, during the selection of constitutively active genes, clones 
may be selected which differ markedly in properties from the parental cells. This makes 
for great difficulties in interpreting the effects of the introduced gene. In contrast, use of 
inducible lines means that comparisons can be made between a single cell line in which 
the gene is or is not activated. This allows the unambiguous determination of the 
function this gene, since the inducing agent, doxycycline, is not known to have biological 
properties at the concentrations involved. Thus, our reports that there is an increase in 
G2 phase of the cell cycle can be confidently ascribed to the effects of connexin 43 
expression rather than to clonal differences in the two cell lines compared. Moreover, in 
our projected research to discover the chemical identity of junctional transmitted signals, 
we will be in a position to add putative signals to cells either expressing, or not 



expressing gap junctions, thus allowing any effects of the putative transmitter to only be 
seen in the context of effective junctional communication. This should effectively 
eliminate false positives, for example, compounds having non-specific effects on cell 
cycle transit time. With our possession of the cell line, and are demonstration of 
responses to connexin 43 induction, we now feel we are in an excellent position to attack 
the major goal of this application, the identification of junctional transmitted signals. 
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a Growth Curves of Cx43 Induced  and 
non-induced Clone#5 MDACells 
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[ Fig 2. Growth curves of Cx43 induced and non-induced clone 
; #5(a) and clone #16 (b) cells . Cells were seeded at 104 cells /well 
; in a 24 well culture dish. Subsequently, duplicate wells were 
I counted electronically every day. 



a 
Parental MDA 
Dox(-) 
Cx43(-) 

Clone#16 
Dox(-) 
Cx43(+) 

Clone#5 
Dox(-) 
Cx43(+) 

:L       ../     .    .    ,   ,.Wri ̂ ■„ufl^nifr 

Parental MDA 
Dox(+) 
Cx43(-) 

\J] 
3W 

G1/G0% S% G2+M% 

a    25.06     49.97 24.95 

b   26.73     46.49  26.78 
i^fa^4, 

Clone#16 
Dox(+) 
Cx43(-) 

C    33.62   40.37  26.01 

d    48.91   41.15    9.94 

Clone#5 
Dox(+) 
Cx43(-) 

■JS 
A iteffa 

e    28.17   38.56  33.27 

f   28.40    41.99   29.62 

Fig 3. Cell cycle analysis of parental MDA cells, panels a, 
b; Clone #16, panels c, d; and Clone#5, panels e, f. Cells 
were all seeded at 2X105 cells/ml, then cultured for 2 
days with or without doxycline (Dox -, +) before FACS 
analysis. 

Note: major increase in G2/M cells in Cx43 induced 
clone# 16 cells; clone#5 appears non-responsive. 
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